INTRODUCTION
Recently, there has been an increased intense research on searching for RT or near RT magnetoelectric multiferroics for both fundamental scientific understanding and to fabricate novel multifunctional devices [1 -3] . The coexistence both ferromagnetic and ferroelectric orders in single phase multiferroics with ABO 3 -type perovskite structure has been contradicted as the former requires empty d orbitals for the off-centering of B ions in the oxygen octahedral cage, while the latter requires partially filled d orbitals [4] . [3, 4, 5, 6] . In this family, the Fe 3+ B' provide unpaired 3d n electrons for magnetic ordering, whereas the distortion introduced by non-magnetic W 6+ and Nb 5+ on the B'' exhibiting d 0 configuration gives rise to ferroelectric ordering. These complex structured multiferroics show unique large electric polarization/magnetization, high piezoelectric coefficients and reasonably high magneto-electric coupling coefficient; hence they attracted researchers' attention for their potential applications in multifunctional devices. These multiferroics (PFN and PFW) independently have shown to display simultaneously, ferromagnetic and ferroelectric properties below RT and confirm the evidence of ME M A N U S C R I P T
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4 coupling experimentally and theoretically. Though PFN and PFW are potential candidates for ME coupling studies, however not at RT. PFN has ferroelectric Curie temperature (T C ) at 350 K and anti-ferromagnetic Neel temperature (T N ) at 155 K. Similarly, PFW has T C below 200 K and T N below 350 K [5 -7] . In order to shift the magnetic ordering temperature in PFN and to achieve the RT multiferroic properties, it is desired to make solid solution of PFW with PFN, due to the similar perovskite structure with small amount of diluting ferroelectricity.
Recently, many researchers have tried to make RT or near RT Pb based ME multiferroics by using the mixed perovskites of PFN, PFW and PFT with PbZr 1-x Ti x O 3 (PZT) [8 -16] , due to the existence of rich magnetoelectric and magnetoelastic coupling between them. Among these, PFW-PZT showed unique coupling mechanism and it was studied in some detail both theoretically and experimentally. Recently, Scott et. al. [9] reported in the review article, that the solid solutions of PZT with PFN, PFW and PFT have failed to show magnetoelectric coupling. Also theoretical calculations by Glinchuk et. al. [15 and 16] suggest that there is no bilinear α ij P i M j magnetoelectric coupling, but all that interaction between P and H is via magnetostriction bM 2 S 2 plus electrostriction dP 2 S 2 and piezoelectricity d ijk P i S jk . This can produce a useful room-temperature device in which +P switches to zero (not to -P), but it is not strictly a magnetoelectric multiferroic. From the studies, PFN/PFW/PFT -PZT solid solutions are not magnetoelectric multiferroic, because of the bilinear magnetoelectric interaction of form P x M and that E fields and H fields are not at all equivalent switching fields. Instead, switching is quadratic in M (similar to CuO), and operates via magnetostriction (similar to PFW/PZT) [12, 13] . Dilsom et. al [10 and 11] reported for room-M A N U S C R I P T
5 room temperature multiferroic properties due to the magnetoelastic [14] . Because of these above reasons, it will limit device applications severely: Strain interactions are subsonic, and hence the device may be too slow for electronic gadget memory device. And the quadratic dependence upon H will necessitate a complex pulse sequence for rewrite operations [8 -16] .
Now one has to look for the material which exhibits multiferroic property not due to the strain induced.
In view of this, PFN and PFW are the outstanding candidates due to the origin of ME coupling in them is a d -orbital mechanism [1] [2] [3] [4] [5] [6] . By making the solid solution of PFN and PFW (PFN 1-x -PFW x ), the effective T N and T C can be tuned to RT or near RT, leading to RT multiferroics.
Recently, the effect of addition of PFW (x=0.6) on the magnetic and electric properties of PFN 1-x -PFW x ceramics have been reported [7] . However, a systematic investigation, with increasing x on the magnetoelectric properties of PFN 1-x -PFW x multiferroics, has not yet been done. In this work, PFN, PFW and their solid solutions were synthesized through modified solid state reaction and detailed studies on their structural, magnetic and electric properties are investigated through XRD and ND, bulk magnetization (M-H loop), temperature dependent magnetization, Mössbauer spectroscopy and ferroelectric measurements. We hope that our work will be helpful in achieving a deeper understanding of the medications on structure, electric and magnetic properties in PFN 1-x -PFW x and that such a material can be used in RT and near RT magnetoelectric multiferroic devices. (Sigma Aldrich) and WO 3 (SD fine, India). The detailed synthesis methods for the preparation of PFN and PFW are reported elsewhere [17, 18] .
EXPERIMENTAL

Sample preparation technique
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Characterization techniques
To check the phase formation of the polycrystalline samples, we used X-ray diffraction (XRD) technique employing a high-resolution X-ray diffractometer (Phillips 1070 model with CuK α radiation (λ = 1.5406 Å). Fourier transform infrared (FTIR) spectroscopy is performed by using Bruker Tensor 27. Scanning Electron Microscopy (SEM) was used for studying the microstructure and morphology of the samples. The neutron powder diffraction (NPD) measurements were carried out at UGC-DAE CSR Mumbai Centre, Dhruva reactor, BARC Trombay India, using a PSD (Position Sensitive Device)-based focusing crystal diffractometer. The 5mm diameter sintered pellets were inserted in a vanadium can and used for the ND experiment. The neutron diffraction data was collected using a wavelength of 1.48 Å at RT (300 K) and in the 2θ range of 10° to 110°. The Fullprof suite programs [19] were
used for Rietveld refinement of the ND data. Raman spectra were collected at RT using Ocean Optics ID Raman micro Raman spectrometer (Dunedin, USA) with a backscattering configuration and the excitation laser wavelength of 785 nm and with an output power of 70mW. Magnetization studies were carried out on a vibrating sample magnetometer (VSM)
attached to a physical property measurement system (Quantum Design PPMS). Transmission
samples were used to make parallel plate capacitor geometry. The silver (Ag) paint used to make electrodes and after fired at 100 -150 ºC for 30 minutes. The ferroelectric loop (P-E) tracer M/s Radiant Instruments, USA used for the measurement of RT ferroelectric (P-E) loop and during the measurements, pellets were immersed in silicon oil to prevent electric arcing, if any, at high applied voltages. investigate the RT crystal structure of solid solutions accurately, we performed ND measurements and deduced the structural parameters using the standard Rietveld technique.
RESULTS AND DISCUSSION
XRD results: Structure and symmetry
The atomic positions, coordinates of different structures, space groups and structural parameters are summarized in Table I . 
Neutron diffraction studies
RT and low temperature ND data for x = 0.0 are reported elsewhere [26] along with the structure and existing magnetoelectric coupling through the spin lattice coupling. The RT ND data were refined (nuclear structure) with the monoclinic structure with Cm symmetry. Figure   4 (a) shows the Rietveld refined data for all the solid solutions with the reasonable fitting between the calculated and experimental data. The obtained lattice parameters are reported elsewhere [26] and are in excellent agreement with literature reports [29] . There are four between the calculated and experimental data. The RT ND data and structural parameters were reported elsewhere [18, 27] . The RT Rietveld refinement were performed on ND data, shows the cubic or pseudo cubic structure with Pm-3m symmetry. The atoms were fixed at their special positions, for Pb (1a), for Fe/W (1b) and (3c) for O, respectively. The model for
the cubic phase is typically observed in simple perovskites, where, the two B -cations were located at the same crystallographic 1b Wyckoff sites (½ ½ ½), Pb atoms at 1a sites (000) and O atoms at the 3c sites (½½ 0). In the octahedral Fe and W cations were distributed. The obtained lattice parameters are reported elsewhere [18, 27] and shows excellent agreement with other reported results [7, 18] . A polyhedral view of the cubic structure of PFW is shown in Fig. 5(b) and Fig. 5 (c) show the obtained G-type antiferromagnetic structure at RT. The existing phase transition furthermore evidenced from the two phase refinement of solid solutions. The Rietveld refinements were carried out on PFN, PFW and solid solutions by considering above parameters such as monoclinic (Cm), cubic (Pm-3m) and monoclinic Table I .
This structural phase transition from monoclinic (Cm) to cubic (Pm-3m) symmetry from PFN to PFW, is well corroborated with Raman studies (discussed in next section).
As expected, the ND patterns of x = 0.2 and 0.4 shows only nuclear (chemical) structure, whereas x = 0.6 and 0.8 exhibits both magnetic and nuclear structure at RT. As mentioned in Figure 4 clearly shows the origin of new peak (magnetic) around 18.51° with x=0.6 and above in PFN 1-x -PFW x . The intensity of the peak gradually increases with x = 0.6 onwards. This is a clear evidence of magnetic transition from paramagnetic to antiferromagnetic occurring at or above RT for x = 0.6 onwards. The possible magnetic structure compatible with the symmetry have been determined with the aid of the representation analysis technique described by Bertaut [36] by using the program BasIreps contained in the FULLPROF Suite package [30] . The originated magnetic peak in both solid solutions could be indexed using Gtype AFM structure with the propagation vector k = ( ½ ½ ½ ).
Raman spectroscopy
Raman scattering spectroscopy is an effective tool to study the local structure of materials. The room-temperature Raman spectra of PFN 1-x -PFW x (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) solid solutions are shown in Fig. 7 (a -f) . The Raman spectrum of PFN contains a M A N U S C R I P T
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series of broad overlapping bands, which is typical of samples with monoclinic phase [37] .
According to the factor group analysis the monoclinic PFN has 10 Raman modes of symmetry that are 242. 
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The modes at the region of 200-400 cm - From the refinement of ND data found that, Pb (Lead) is never in its ideal Wyckoff position [45, 46] and also, the B site cations (Fe 3+ and Nb 5+ ) local ordering within a disordered matrix [47] and it is well supported by the Garcia -Flores et al. [39] report. The presence of Fe 3+ cations in the octahedral B site, possible indirect magnetic nature of these modes can be considered since PFN presents, in addition to ferroelectric and magnetic properties, which is responsible for the peak at 791 cm −1 . Indeed, this magnetic ordering is cause of spontaneous magnetostriction, through the atomic displacements.
As can be clearly seen in Fig. 7 (b -e) , the general aspects of the Raman spectra show a marked change with the increase of x in PFN 1-x -PFW x . It indicates that a continuous change in symmetry (i.e. monoclinic-pseudocubic-cubic phase) [47, 48] . The observed changes clearly indicate a change at the octahedral site [38, 48, 49] . The main mode at ∼780 
Magnetic properties
The magnetic hysteresis loops of [53] . However, from the magnetization curves, it is evident that the sample is not a conventional antiferromagnet. In fact, it is quite probable that the Fe 3+ -rich islands present uncompensated magnetic moments, resulting in a weak -ferromagnetic (WFM)
behavior, which gives rise to a net magnetization in each island, manifested as a macroscopic magnetization of the solid solutions [54] . 
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From the XRD and ND data, it is confirmed that there is no evidence of coexistence of Fe 2 O 3 -related phases (secondary phases) with the perovskite structure. This confirms that the observed magnetic responses must be associated to the perovskite PFN and PFW pure phases. The x = 1.0 pure PFW is known [7, 18] 
Mössbauer spectroscopy
Mössbauer spectral studies also reveal different magnetic ordering. The Mössbauer spectra for x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 are shown in Fig. 11 (a to f) . The extracted
Mössbauer parameters are listed in Table II . The RT Mössbauer studies for x = 0.0 and 1.0 are reported elsewhere [9 and 43] and are well matching with the other reports [5, 52, 55, 56] .
The spectra shows the magnetic signature which corresponds to disordered Fe 3+ ions in Cm symmetry for x = 0.0 and Pm-3m symmetry for x = 1.0 and with two different crystallographic environments for x = 0.2, 0.4, 0.6 and 0.8. Fig. 11 (a) shows the x = 0.0
Mössbauer spectrum confirmed no magnetically splitted doublet at RT implying that there are no significant internal magnetic field of the sample (due to the T N ~ 155K) [26, 50, 51] . The x = 0.0 is fitted by a single quadrupole doublet and existing doublet is due to the Fe 3+ ions in an octahedral environment. The non-zero electric quadrupole splitting demonstrates that the Fe M A N U S C R I P T
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and Nb ions occupy non-cubic off-center sites and are randomly disordered around the B sites of the perovskite octahedra. The Mössbauer spectrum of the x = 1.0 at RT (Fig. 11 (f) ) was fitted with a distribution of magnetic hyperfine fields, P(B hf ). The hyperfine field distribution is shown in the right hand side of Fig. 11 (f) . The obtained average isomer shift (IS), quadruple splitting (QS), corresponds to the Fe 3+ ions in an octahedral environment [55] . The average magnetic hyperfine field is ~ 25.5 ± 1.0 T. The broad hyperfine field distribution, P(B hf ), indicate that the environments of the Fe-ions are not the same, i.e., perfect compositional ordering is not achieved in the studied sample. P(B hf ) for x = 0.8 and 1.0 is very similar to that of the earlier report by Raevskii et al. [55] , where they fit the spectrum with a superposition of two sextets and a central (paramagnetic) doublet. From the P(B hf ) of x = 0.8 and 1.0, it is also clear that, along with the broad magnetic hyperfine field distribution, there exists a paramagnetic part, Fig. 10 (f) ).
Previously, Venevtsev et al. [56] reported a similar spectrum consisting of two sextets 
Ferroelectric loops studies
The electric field induced polarization switching (P-E) behavior was studied at low Though, this P versus E loop is suggestive of the ferroelectric nature, however complete saturation of the polarization is not achieved at higher electric fields compare with recent reports on PFN, PFT, PFW and PZT solid solutions [8 -16] . This may be due to the higher conductivity associated with the samples. However, with increase in x, the ferroelectric loops become more broad and leaky as the Fe content at the B site of the sample increase from 50% for x = 0.0 to 67% for x = 1.0). Importantly, the ferroelectric T C , for x = 0.0 is around 350 K, after the solid solution with PFW, at x = 0.2 the T C is expected to decrease from 350 K to 300 -325K. Improved ferroelectric properties may be due to the reduction of oxygen vacancies.
In case of x = 0.4 and 0.6 also, we expected similar behaviour in PE loops, but we did not see as expected due to the T C being shifted to below RT. Unfortunately all our measurements are M A N U S C R I P T A C C E P T E D 
Conclusion
In 
